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Laminar closure rates in patients with cervical myelopathies treated with either open-door laminoplasty 
with reattachment of spinous processes and extensor musculature or Hirabayashi open-door laminoplasty: 
A case-control study 
 
Concise title: Laminar closure of modified laminoplasty 
 
Structured abstract 
Purpose: The presence of preoperative kyphosis has been identified as a risk factor for laminar closure 
(LC). We have been performing modified open-door laminoplasty with reattachment of the spinous 
processes and extensor musculature for patients with reduced cervical lordosis because this procedure can 
prevent progression of cervical kyphosis. This procedure may also prevent LC. The purpose of this study 
was to evaluate the rate of LC after the modified open-door laminoplasty. 
Methods: A total of 104 patients who underwent open-door laminoplasty were retrospectively reviewed. 
Of these patients, 18 underwent modified open-door laminoplasty (group M), whereas the other 86 
underwent Hirabayashi open-door laminoplasty (group H). Group H was divided into two classes 
according to the preoperative cervical lordosis angle (group H1 ≤ 10° vs. group H2 ≥ 11°). All 18 patients 
in group M had a preoperative lordosis angle ≤ 10°. The outcomes were assessed using the rate of LC, the 
cross-sectional area (CSA) of the erector muscle on magnetic resonance imaging, and the Japanese 
Orthopaedic Association Score (JOA score). 
Results: The rate of laminar closure was significantly lower in group M (39%) than in group H1 (76%) (P 
< 0.01). The CSAs tended to be larger in the muscle preservation side of group M than in the other groups. 
There was no significant difference in the JOA score among the 3 groups. 
Conclusions: Although patients with decreased cervical lordosis have a higher risk of LC, the results 
suggested that modified open-door laminoplasty could reduce the rate of LC compared with Hirabayashi 
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open-door laminoplasty. 
 
Key words  
open-door laminoplasty; modified open-door laminoplasty; laminar closure; cervical myelopathy; cervical 
kyphosis 
 
Introduction 
Hirabayashi open-door laminoplasty has been used for the treatment of cervical myelopathy [1-4], but 
laminar closure is one of the complications following this technique [5-8]. The opened laminae can 
gradually close because only stay sutures through the laminae and the facet capsule support the lifted 
laminae. There are a few previous reports about laminar closure after open-door laminoplasty [9-12]. The 
presence of preoperative kyphosis was identified as a risk factor for laminar closure by Matsumoto et al 
[9].
 
They explained biomechanically that the opened laminae may be subject to more compression force 
by the posterior tissues in the presence of cervical kyphosis. To prevent the progression of preoperative 
kyphosis, we have been performing a modified open-door laminoplasty [13] for patients with reduced 
cervical lordosis. This procedure consists of the reattachment of the spinous processes and the 
preservation of unilateral extensor musculature [13]. This reconstruction may prevent laminar closure, as 
well as cervical kyphosis. The purposes of this study were to compare the rate of postoperative laminar 
closure and clinical outcomes between the modified open-door laminoplasty and Hirabayashi open-door 
laminoplasty. 
 
Materials and Methods 
A total of 104 patients who underwent open-door laminoplasty in our institute between 2004 and 2012 
were retrospectively reviewed. The minimum follow-up period was 12 months. Of these patients, 18 
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underwent modified open-door laminoplasty (group M), whereas the other 86 patients underwent 
Hirabayashi open-door laminoplasty (group H). Group H was divided into two classes according to the 
preoperative cervical lordosis angle. Group H1 included patients with preoperative lordosis ≤ 10° (n=21), 
while group H2 had preoperative lordosis ≥ 11° (n=65). The modified open-door laminoplasty was 
mainly used in patients with reduced cervical lordosis before surgery. All 18 patients in group M had a 
preoperative lordosis angle ≤ 10°. The detailed demographic data are shown in Table 1. 
 
Surgical technique 
Hirabayashi open-door laminoplasty was performed as described previously [2, 3]. Modified open-door 
laminoplasty was designed to preserve unilateral back muscles [13]. The midline skin incision is made 
from C3 to C7 in most patients. After dissecting unilateral paracervical muscles of the open side, the 
ipsilateral laminae are exposed. The spinous processes are cut at the base using a bone-saw or bone-chisel. 
Contralateral paracervical muscles with separated spinous processes are peeled off from the laminae to 
make a gutter of the hinge side. The lamina door is lifted, and sutures are tied to prevent the closure of the 
laminae in the same way as in Hirabayashi’s method. The surface of the lifted laminae is decorticated by a 
high-speed drill. Bone holes are made by a high-speed drill at both of the separated spinous processes and 
lifted laminae, and sutures are placed through the holes. To fix the separated spinous processes on the 
lifted laminae, sutures previously placed through the bone holes are securely tied. In both surgical 
procedures, no additional device, such as a spacer or plate, was used in the open side. (Figure 1) 
 
Imaging and clinical assessment 
The outcomes were assessed among the groups using the cervical lordosis angle, the rate of laminar 
closure, the cross-sectional area (CSA) of the erector muscle on cervical magnetic resonance imaging 
(MRI), and the Japanese Orthopaedic Association Score for cervical myelopathy (JOA score). The 
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lordosis angle was measured before surgery and at the final follow-up as the angle formed by the 2 
tangential lines to the posterior wall of the C2 and C6 vertebrae. Positive numbers indicate lordosis. 
Laminar closure was calculated with the canal-to-body ratio (CBR) on lateral cervical radiographs, as 
described [9].
 
CBR was determined by dividing the anteroposterior diameter of the spinal canal by that of 
the vertebral body at each level from C3 to C6. Laminar closure was defined as present when the CBR 
measured immediately after surgery was reduced by ≥ 15% at the final follow-up, at 1 or more vertebral 
levels. Bony fusion between the spinous process and the lamina at each level from C3 to C6 was 
investigated in all group M patients using the lateral cervical radiographs at the final follow-up. MRI 
analysis was performed in patients with preoperative lordosis ≤ 10°. A total of 21 patients, including 9 in 
group M and 12 in group H1, underwent MRI 1 year postoperatively. All images were obtained using a 
T2-weighted fast spin echo pulse sequence. The percentage of CSAs of bilateral lean erector muscles, 
avoiding nearby fat, bony structures, and other soft tissues, was quantified using ImageJ software. The 
axial sections of MRI at the center level of surgery were used for quantification. The JOA score was 
recorded before surgery and at the final follow-up. The recovery rate was calculated using the formula 
established by Hirabayashi.  
 
Statistical analysis 
All data are expressed as means ± standard deviation. Comparative analyses among groups were 
performed with ANOVA for continuous variables and the chi-square test for categorical variables. The 
Tukey-Kramer multiple comparison procedure was used to identify differences among the groups after 
ANOVA was found to be significant. Residual analysis was used for identifying the categories responsible 
for a significant chi-squared statistic. P-values of less than 0.05 were considered significant. 
 
Results 
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The mean lordosis angles before surgery were 0.7 ± 6.3° (range -13 to 7°) in group M, 4.2 ± 5.6° (range 
-9 to 10°) in group H1, and 22.4 ± 8.5° (range 11 to 53°) in group H2 (P < 0.001), while at final follow-up 
they were 0.5 ± 8.8° (range -21 to 14°), 0.8 ± 12.2° (range -25 to 27°), and 20.9 ± 10.4° (range -7 to 49°) 
(P < 0.001), respectively. The differences in the lordosis angles before surgery and at final follow-up were 
-0.2 ± 9.3° in group M, -3.4 ± 9.7° in group H1, and -1.8 ± 8.3° in group H2. (Table 1) 
The rate of laminar closure was significantly lower in group M (7/18, 39%) than in group H1 (16/21, 
76%) (P < 0.01). The number of laminae with closure was also significantly lower in group M (12/70, 
17%) than in group H1 (30/80, 38%) (P < 0.01). The rate of laminar closure in group H2 was 51% (33/65). 
The percentage of laminae with closure in group H2 was 22% (54/242). (Figures 2, 3)  
In the cases that underwent modified open-door laminoplasty, the bony fusion rate between the spinous 
process and the lamina at each level from C3 to C6 was 93% (66/71). Twelve of 18 patients (67%) in 
group M showed bony fusion between the spinous process and the lamina at every level, and 6 patients 
(33%) showed nonunion at only one level. (Figure 2C) 
The CSAs tended to be larger in the hinge side of group M than in the other groups. The percentages of 
CSAs of bilateral lean erector muscles were 60.9% ± 4.1% in the open side and 68.1% ± 10.1% in the 
hinge side in group M, and 60.6% ± 5.4% in the open side and 62.7% ± 4.6% in the hinge side in group 
H.  
JOA scores were 11.1 ± 2.7 in group M, 12.6 ± 1.8 in group H1, and 11.3 ± 2.5 in group H2 before 
surgery, and 13.4 ± 2.2, 14.5 ± 2.5, and 14.3 ± 2.0, respectively, at the final follow-up. The mean recovery 
of JOA scores was 46% ± 24% in group M, 44% ± 45% in group H1, and 54% ± 27% in group H2. There 
was no significant difference among the 3 groups. (Table 1) 
 
Discussion 
The reported laminar closure rate after open-door laminoplasty varies from 10% to 45% [9-12]. Laminar 
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closure rarely causes critical outcomes over the long-term surgical course. However, additional operations 
are sometimes required because of the deterioration of neurologic outcomes. Greater attention is needed 
after Hirabayashi open-door laminoplasty because this procedure requires no additional supportive 
devices except stay sutures. Some authors have described the disadvantages of laminar closure [9-12]. 
Matsumoto et al. reported that laminar closure tended to decrease patient satisfaction, and the recovery 
rate of the JOA score also tended to decrease in patients with laminar closure [9, 10]. Lee et al. reported 
that laminar closure was associated with remaining spinal cord compression on MRI [11]. Wang et al. 
reported that postoperative neurologic deficits were associated with laminar closure [12].
 
According to 
these reports, we should consider measures to decrease laminar closure. In this study, the impact of 
laminar closure after modified open-door laminoplasty with reconstruction of spinous processes and 
preservation of unilateral back muscles was examined.  
The only reported risk factor for laminar closure is preoperative cervical kyphosis [9]. Our series of 
Hirabayashi open-door laminoplasty showed a similar tendency. In this study, reduced cervical lordosis 
was defined as ≤ 10°. Patients with a preoperative lordosis angle ≤ 10° were unintentionally selected as 
group M since we started the modified open-door laminoplasty. This is because we used the modified 
open-door laminoplasty for patients with decreased cervical lordosis in case cervical kyphosis should 
progress. The criteria for laminar closure vary by author [9-12]. The CBR method was used to measure it 
because all patients had had radiographs at follow-up examinations. Laminar closure was defined as a 
15% decrease in CBR in the present study. A previous report by Matsumoto et al. considered that the 
clinical outcomes were not significantly affected by laminar closure with CBR decrease ≥ 10% [9, 10]. In 
the present study, a slightly more aggressive standard, a CBR decrease of ≥ 15%, was established. 
Various modified open-door laminoplasties with devices such as screws, spacers, or plates have been 
used to prevent laminar closure [14-19], while the simplicity, lack of need for artificial devices, and low 
cost of the classic methods are still impressive. The present modified open-door laminoplasty can prevent 
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laminar closure without additional artificial devices. The rate of bony fusion between the spinous process 
and the lamina was high. It indicated that the tensile force of the paraspinal muscles to the laminae was 
well preserved. This tensile force can act advantageously to prevent laminar closure and kyphosis after 
surgery. In contrast, in Hirabayashi open-door laminoplasty, there is no connection between the lifted 
laminae and the back muscles. In that situation, the back muscles work only as a compression force to the 
lifted laminae, especially with cervical kyphosis, as previously described [9, 20]. The mechanical 
advantage of modified open-door laminoplasty can be substantiated by the results of the high rate of bony 
fusion between the spinous process and the lamina, the rate of laminar closure, the progression of the 
kyphosis angle, and the percentages of CSAs of bilateral lean erector muscles in the present study. 
Specifically, the rate of laminar closure was significantly lower in group M than in group H1. MRI 
assessment supported the protective effect of the unilateral erector muscles on the hinge side. However, 
there was no significant difference in the mean recovery of the JOA score among the three groups, and no 
cases required reoperation because of neurological deterioration in the present series. This is because 
there were no severe laminar closures in this study. Moreover, previous reports showed that cervical 
kyphosis does not necessarily affect surgical outcomes. [21, 22] Nevertheless, laminar closure has a 
potential for neurological deterioration and the need for re-operation, as previously reported, and careful 
attention should be paid to laminar closure. 
Though the present study’s findings regarding laminar closure after modified open-door laminoplasty 
with reattachment of the spinous processes and unilateral extensor musculature are interesting, some 
limitations were present. First, the study was retrospective in nature, and the number of patients, 
especially in group M, was relatively small. Advanced imaging, such as computed tomography (CT) or 
MRI, was not performed, and patient-oriented outcome measures were not assessed in every patient. Gu 
et al. proposed the optimal opening size and angle following cervical laminoplasty using CT. [23, 24] 
Applying these surgical and measuring methods can bring a more relevant comparison of laminar closure 
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and clinical outcomes. Furthermore, there is no standard definition of laminar closure. The criteria of 
laminar closure and the way to measure it vary by authors, and simple comparisons among them are 
difficult. To solve these limitations, a further study, such as a prospective study that satisfies the above 
conditions, is needed. Despite these limitations, this study is the first to investigate the rate of laminar 
closure by comparing modified and classic open-door laminoplasties, and we believe that this study has 
great value for clinical practice. 
   
Conclusion 
In this retrospective study, modified open-door laminoplasty with reattachment of the spinous processes 
and unilateral extensor musculature was applied mainly to patients with decreased cervical lordosis 
because this procedure can prevent the progression of cervical kyphosis. Although such patients with 
decreased cervical lordosis have a higher risk of laminar closure, the results suggested that modified 
open-door laminoplasty could reduce the rate of laminar closure compared with the classic open-door 
laminoplasty.  
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Figure legends 
Fig. 1  
Modified open-door laminoplasty with reconstruction of the spinous processes and preservation of 
unilateral back muscles. 1. After dissecting unilateral paracervical muscles of the open side, 2. the spinous 
processes are cut at the base, and the contralateral paracervical muscles with separated spinous processes 
are peeled off from the laminae (A). To fix the separated spinous processes on the lifted laminae, sutures 
placed through the bone holes are securely tied (B). Postoperative CT image (C). 
 
Fig. 2 
Representative cases of the pre and postoperative courses of the two groups. Each case had reduced 
cervical lordosis before surgery (A, D). Immediately after surgery (B, E). At final follow-up, the patient 
with modified open-door laminoplasty did not experience laminar closure (C), while the patient with the 
Hirabayashi method developed cervical kyphosis and laminar closure (F). Bony fusion between the 
spinous process and the lamina was obtained at C3, 4, 6. Nonunion was seen at C5 (C).  
 
Fig. 3  
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The rate of laminar closure is significantly lower in group M (7/18, 39%) than in group H1 (16/21, 76%) 
(P < 0.01). The percentage of laminae with closure is also significantly lower in group M (12/70, 17%) 
than in group H1 (30/80, 38%) (P < 0.01). 
 
 
 
 
Table 1. Demographic data and outcomes for Group M and Group H 
 Group M Group H  
Preoperative lordosis angle (≤ 10°) H1 (≤ 10°) H2 (≥ 11°) P value 
Number of patients 18 86  
21 65  
Age (years) 61.3±13.7 59.3±10.9 65.9±9.4
a
 0.115 
Follow-up (months) 48.4±18.6 39.0±23.3 34.3±22.1
b
 0.054 
Causative disease     
CSM 8 4 41  
OPLL 10 16 23  
CDH 0 1 1  
Lordosis angle* (°)     
At pre-operation 0.7±6.3 4.2±5.6 22.4±8.5
ab
 <0.001 
At final follow-up 0.5±8.8 0.8±12.2 20.9±10.4
ab
 <0.001 
Difference** -0.2±9.3 -3.4±9.7 -1.8±8.3 0.511 
JOA score     
At pre-operation 11.1±2.7 12.6±1.8 11.3±2.5 0.094 
At final follow-up 13.4±2.2 14.5±2.5 14.3±2.0 0.208 
Recovery rate# (%) 46±24 44±45 54±27 0.396 
The values are given as the mean and the standard deviation. 
*Positive numbers in lordosis angle indicate lordosis.  
**Negative numbers in difference of lordosis angle indicate that lordosis angle decreased. 
# Recovery rate was calculated using the following formula established by Hirabayashi: (postoperative JOA score – 
preoperative JOA score) / (17 – preoperative JOA score) ×100%. 
 
Group M, Modified open-door laminoplasty; Group H, Hirabayashi open-door laminoplasty; CSM, Cervical 
spondylotic myelopathy; OPLL, Ossification of posterior longitudinal ligament; CDH, Cervical disc herniation; 
JOA, The Japanese Orthopaedic Association 
 
a
 P<0.05 vs. Group H1  
b
 P<0.05 vs. Group M 
A B C 
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LC + LC -
* 
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76% 
51% 
(n=18) 
(n=21) 
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Group M: Modified open-door laminoplasty 
Group H1: Hirabayashi open-door laminoplasty with preoperative lordosis ≤ 10°  
Group H2: Hirabayashi open-door laminoplasty with preoperative lordosis ≥ 11° 
LC: Laminar closure  
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